A survey was made to determine the distribution of the enzyme neuraminidase among 76 strains of Clostridium perfringens. Representative strains from each toxigenic type (A to F) and atypical C. perfringens type A food-poisoning strains of both American and English (Hobbs types) origin were tested. Both the American food-poisoning and nonfood-poisoning associated cultures consisted of both neuraminidase-positive and -negative strains. Furthermore, American strains which could not be differentiated from the original Hobbs cultures consisted of both neuraminidase-positive and -negative representatives. In contrast, the English (Hobbs) strains uniformly failed to produce an active intracellular or extracellular neuraminidase. No enzyme activity was detected in these strains when cultures were grown in different growth media, when grown in the presence of substrate (neuraminlactose), or upon extended incubation of enzyme preparations with substrate. With the exception of a type F strain, representative strains of the other toxigenic types (A to F) produced neuraminidase; 85% of the typical type A strains contained the enzyme.
In recent years, there has been increased interest in outbreaks of food poisoning due to Clostridium perfringens (welchii). Much of this attention has come from other countries, such as England and Wales, where incidents of C. perfringens food poisoning appear to be much higher than in the United States. However, there have been several outbreaks reported in this country in recent years (4, 15, 18, 19) , and it is likely that many more have occurred and were reported as "etiology unknown" (Morbidity and Mortality Weekly Report 12:148, 1963).
According to Hobbs et al. (12) , most clostridial food-poisoning outbreaks in England have been caused by atypical strains of C. perfringens type A. These strains differ from other members of the type A group by the formation of heat-resistant spores, by the production of low levels of a-toxin, little or no 0-toxin production, and by antigenic constituents which allow them to be grouped into 13 provisional serotypes. On the other hand, the strains of American origin which have been implicated in food poisoning do not possess such uniform characteristics (11, 18). Instead, Hall et al. (11) found that some strains resemble the English strains (Hobbs types 1 through 13) in their serological typability and the production of heat-resistant spores, but that sporulation and hemolytic activity were more like typical type A strains. Since the American strains did not meet the criteria of classification of the English strains, these workers concluded that any strain of C. perfringens type A may cause food poisoning if present in adequate numbers (11).
The enzyme neuraminidase (sialidase) has been reported in animal tissues (3, 6) , in myxovirus (10, 13, 21) , and in a variety of bacteria (2, 14, 17, 23) . The enzyme has been studied extensively in C. perfringens (5, 7, 20) . Recently, however, Collee (8) washed in saline, resuspended in 10 ml of phosphatebuffered saline (saline plus 0.01 M sodium phosphate, pH 7.6), and subjected to sonic disruption for 5 min. The sonic-treated material was centrifuged at 19,000 X g for 60 min at 4 C. The resulting supernatant fluid (soluble fraction) and disintegrated cellular debris (particulate fraction) were analyzed directly for neuraminidase activity without purification.
RESULTS
Only a limited number of food-poisoning strains of C. perfringens have been investigated with regard to the production of the enzyme neuraminidase (8) . Therefore, our initial studies were made to determine the general occurrence of the enzyme in the culture supernatant fluid from food-poisoning strains of English origin (Hobbs types enzyme activity was detected from any of the 12 Hobbs strains or from a type F strain; each of the other strains of types A to E produced neuraminidase. The three typical type A strains (449, 1410, 1458), which are serologically unrelated to Hobbs types, each produced a high level of enzyme activity. The level of enzyme activity varied among strains of each toxigenic type and was markedly affected by the growth medium. High levels of enzyme activity were observed from cultures grown in Tryptose Phosphate Broth and Todd-Hewitt Broth, but activity was substantially reduced in Fluid Thioglycollate Medium. This decrease in activity was not directly related to cell yield since abundant growth was obtained in each medium. The Hobbs strains and the type F strain uniformly failed to produce neuraminidase in any of the media.
Increased neuraminidase synthesis has been reported for Vibrio cholera and type II pneumococci grown in the presence of N-acetylneuraminlactose, N-acetylmannosamine, or N-acetylneuraminic acid (1, 9, 14) . The effectiveness of these compounds as possible inducers of neuraminidase was tested by adding them to the Tryptose Phosphate Broth medium in which the Hobbs strains were cultured. The results in Table 2 show that none of these compounds induced neuraminidase synthesis in the Hobbs strains. N-acetylneuraminic acid and neuraminlactose stimulated only slight increases in enzyme synthesis in the three typical type A strains (449, 1410, 1458) , whereas N-acetylmannosamine produced no significant changes in any of these three strains. Although the slight changes produced by these compounds were typical of several experiments, more detailed studies are required to establish their definitive role as inducers of neuraminidase in typical type A C. perfringens.
The Hobbs strains were tested for neuraminidase at various points in the growth cycle; in each instance, no enzyme activity was detected. Furthermore, enzyme activity was not detected in these strains when the incubation time of the enzyme-egg white-substrate mixture was extended from 30 to 60 min, when neuraminlactose (527 m,umoles/ml) was used as enzyme substrate (5, 7), or when cultures were stored overnight at 4 C prior to enzyme assay (7) . Under these same conditions, neuraminidase activity was present in each of the three typical type A strains (449, 1410, 1458).
The possibility that the Hobbs strains contained cell-associated neuraminidase which was not secreted into the culture medium in detectable quantities was investigated with sonic-treated cell preparations from each strain. Neither the soluble nor the particulate fraction from these preparations was found to possess enzyme activity, although a high level of activity was present in each of these fractions from a known neuraminidase-positive strain.
The results obtained with the Hobbs cultures suggested a possible correlation between foodpoisoning strains and absence of neuraminidase. This possibility was evaluated further with 55 type A strains of C. perfringens of American origin isolated from the following sources: edible foods, foods or feces associated with foodpoisoning outbreaks, and pathological specimens. The results obtained with these cultures (Table 3) The distinguishing characteristics, if indeed such characteristics exist, of particular strains of C. perfringens which cause food poisoning in man remain an unsettled issue. The difficulty of assessing distinguishing characteristics of these strains is due to the failure of many American isolates to conform to the criteria of classification used for food-poisoning types in England (11, 12) . The results of our survey of neuraminidase activity among C. perfringens food-poisoning strains of both American and English origin provide a further indication of the variability among these organisms. We found that American isolates were heterogeneous in neuraminidase production. Cultures indistinguishable from the English (Hobbs) strains (11), i.e., typable by Hobbs sera, producing heat-resistant spores, and giving the hemolytic reactions described by Hobbs (12) , included both neuraminidase-positive (one) and neuraminidase-negative (four) strains. Other American food-associated isolates differing from the original Hobbs strains in one or more of the above characteristics also included neuraminidase-positive and -negative representatives. The English (Hobbs) strains, however, were uniform in their lack of neuraminidase activity. The failure to detect enzyme activity in the culture supernatant fluid and in the soluble and particulate fractions from sonic-treated cells provides strong evidence that active neuraminidase is not a characteristic of the original Hobbs strains. It remains to be determined whether all English strains which are indistinguishable from the original Hobbs serotypes also are neuraminidasenegative.
According to Collee (8) , the role of neuraminidase in the economy of C. perfringens is not known; the enzyme does not produce a direct toxic effect in mice, nor is it essential for normal metabolism of the organism in common laboratory media. The enzyme is capable of cleaving terminal sialic acid from glycolipids, glycoprotein, and oligosaccharides. Since many of these substrates are components of body fluids and tissues, the clostridial neuraminidase may play an indirect role in mechanisms of pathogenicity by cleavage of these components with subsequent injury to the host. In this connection, it is interesting to note that the majority (85 %) of classical type A strains of C. perfringens examined in this study possessed a very active neuraminidase. Further study is required to assess the significance, if any, of clostridial neuraminidase in infectious processes.
